Introduction
The frequency of obesity and insulin resistance (IR) is gradually increasing and has a significant association with reproductive endocrinology and menstrual dysregulation, especially in adolescents [1, 2] . Obesity and/or IR may lead to an increase in the incidence of polycystic ovary syndrome (PCOS) in adolescents, but may also cause hirsutism and menstrual irregularities even in the absence of PCOS [3, 4] .
Studies related to new hormones, cytokines, and proteins that help to predict a diagnosis of PCOS and clarify the etiopathogenesis are ongoing [5] [6] [7] [8] [9] [10] . A recent study [10] reported that, in addition to anti-Müllerian hormone (AMH), inhibin A (INH-A) could be used as a marker for PCOS. The relationship between these biomarkers and glucose/insulin metabolism in patients with PCOS has been investigated in some studies [8, 9, 11] . It is known that AMH levels are positively correlated with the number of preantral and small antral follicles [12] , and high insulin levels have been found to be associated with antral follicle count and ovarian volume [13] . Recently, a study involving only adolescents and young adults found that the AMH level was elevated in adolescent girls with PCOS who were nonobese and had IR [14] . The relationship between AMH and obesity/IR has been investigated in some studies, but most of them have been conducted with adults and/or have evaluated IR using the homeostasis model assessment: insulin resistance (HOMA-IR) index [11, [14] [15] [16] [17] . Only a small number of studies have examined glucose/insulin metabolism by way of the clamp test and/or oral glucose tolerance test (OGTT) [17] [18] [19] .
It has been reported that hyperinsulinemia stimulates steroid hormone synthesis in the ovaries, increases the production of androgens, and inhibits the synthesis of steroid hormone binding globulin (SHBG) and IGFBP-1, which binds IGF-1 in the liver [20, 21] . Inhibin B (INH-B) and INH-A, released from granulosa cells in the ovaries and involved in follicle development, are also possibly related to IR and/or obesity. It has been suggested that INH-B levels are inversely correlated with body mass index (BMI) in patients with PCOS and that INH-B levels are suppressed by insulin [22, 23] . There is limited data about the relation between INH-A levels and insulin secretion [9] , and there is no research data from adolescent age groups on this issue. Investigations into the relationship between these biomarkers and IR could illuminate the pathophysiology of PCOS.
A new protein being studied as a possible diagnostic biomarker in patients with PCOS is insulin-like peptide-3 (INSL3), which is released from theca cells of the follicles, the corpus luteum, and ovarian stroma and the levels of which increase at the onset of puberty, like insulin, IGF-1, and IGF-BP3. It has been found to be related to luteinizing hormone (LH)-dependent hyperandrogenism, especially in patients with PCOS who have normal body weights [7] . However, INSL3 was not investigated in adolescent girls with PCOS in terms of IR and/or obesity.
In this study, we aimed to investigate the relationship of obesity/IR with hyperandrogenemia and the levels of specific biomarkers (AMH, INSL3, INH-B, and INH-A) that may have an impact on IR and contribute to emergence of disease in adolescent girls with PCOS. We also aimed to determine the usage areas of these biomarkers in PCOS and contribute to the clarification of its pathophysiology.
Materials and methods

Study design and subjects
Fifty-two adolescent girls aged 14.5 to 20 years who were consecutively admitted to a pediatric endocrine outpatient clinic between August 2014 and August 2015 were recruited for this cross sectional study. All of the girls had been diagnosed with PCOS based on the Rotterdam criteria. The exclusion criteria are described elsewhere [10] . Written consent was obtained from all participants and their parents. Ethical approval was obtained from the local ethics committee (no. 2421).
Methods
Clinical evaluation
Anthropometric measurements (height, weight, and waist and hip circumference) and scoring of body hair growth using the Ferriman-Gallwey scale [24] were taken for all participants by an experienced physician as described elsewhere [10] . Standard deviation scores (SDS) were calculated according to national data [25] [26] [27] . BMI was calculated using the formula BMI = weight (kg)/height (m 2 ). The study group was divided into 2 groups based on BMI: a) the nonobese group (PCOS-NO), who had normal weights (BMI SDS < 1), and b) the overweight (OW) and obese group (PCOS-OW/O), who had been classified as overweight (1-2 BMI SDS) or obese (BMI SDS > 2). Blood pressures (BP) were measured by the same physician, and the SDSs of these measurements were calculated using data from the National High Blood Pressure Education Program Working Group [28].
Laboratory evaluation and biochemical assays
Blood samples for laboratory analysis of glucose, insulin, FSH, LH, SHBG, dehydroepiandrosteronesulfate (DHEAS), total testosterone (T), androstenedione (D4-A), AMH, INSL3, INH-B, and INH-A were drawn between 8:00 AM and 8:30 AM after an overnight fast. Basal 17-hydroxyprogesterone (17-OHP), free thyroxine, thyroid-stimulating hormone (TSH), cortisol, and prolactin levels were measured to exclude adrenal enzyme defects, thyroid hormone defects, and intracranial pathologies. The blood samples were immediately centrifuged, and the serum samples were stored at −80 °C until assaying. Free androgen index (FAI) was calculated using T and SHBG values in the equation FAI = 100 × (T/SHBG).
The HOMA-IR index was calculated as (insulin [µU/ mL] × glucose [mg/dL]) / 405 [29] . HOMA-IR > 2.5 was used to define IR [29] . A standard 75 g OGTT was performed after an overnight fast of at least 8 h but not exceeding 14 h. Venous blood was sampled at 0, 30, 60, 90, and 120 min after glucose intake, and all the venous plasma samples were centrifuged and analyzed for glucose and insulin immediately after blood collection. The whole body insulin sensitivity index (ISI comp , Matsuda index) was calculated as 10000 / (√ (fasting glucose x fasting insulin) × (mean glucose x mean insulin on OGTT) [30] . Glucose abnormalities were assessed according to American Diabetes Association criteria [31] . Fasting levels of insulin greater than 15 µU/mL, or insulin peak (post-OGTT) levels of more than 150 µU/mL and/or more than 75 µU/ mL at 120 minutes of OGTT are hyperinsulinemic levels, which infer IR in adults [32] . The study group was divided into 2 subgroups according to sum of insulin levels during OGTT as follows: a) IR ≥ 300 µU/mL and b) without IR < 300 µU/mL [33] .
Assays
Plasma glucose was measured using the hexokinase method with standard equipment and methods (Roche Diagnostics with Cobas Integra kits, Basel, Switzerland). Insulin (IU/ mL) was measured using the immunoradiometric assay method (IRMA) (DIA source ImmunoAssays, S.A., Nivelles, Belgium), and the lowest value of detection was 1 IU/mL. Intra-and interassay coefficients of the variation (CVs) were 1.5%-2.1% and 6.1%-6.5%, respectively. Leptin was measured using ELISA with intra-and interassay CVs of < 10% and < 6%, respectively (Abcam Inc, Cambridge, MA, USA). The levels of the other plasma hormones (LH, FSH, SHBG, DHEAS, T, D4-A, AMH, INH-A, INH-B, INSL3, 17-OHP, cortisol, FT4, and TSH) were measured using assays described elsewhere [10] . 2.3. Statistical analysis SPSS 15 (IBM, Chicago, IL, USA) was used for statistical analysis. Mean ± SD or median (minimum-maximum) were given for the results. Three different methods (variability coefficient, skewness-kurtosis, and the Kolmogorov-Smirnov values) were used for normality tests of continuous variables, and findings in two of these three methods were considered to confirm normal distribution.
Intergroup comparisons were analyzed using parametric and nonparametric tests. For comparison of categorical variables, the chi-square test was used, and for comparison of continuous variables, Student's t-test was used. For irregularly distributed parameters, we applied the Mann-Whitney U test, and the Spearman and Pearson correlation parameters were used for correlation analyses. A logistic regression model was applied using a backward step-wise method with the dependent variable of the presence of IR (defined by OGTT) and independent variables of FAI, AMH, INH-A, INH-B, INSL3, leptin, and BMI SDS.
Results
Clinical findings
There was a higher frequency of acanthosis nigricans and hirsutism in the PCOS-OW/O group than in the PCOS-NO group (P < 0.001 and P = 0.024, respectively). Additionally, as expected, weight SDS, BMI SDS, waist circumference (WC) SDS, and waist/hip ratio (WHR) were higher in the PCOS-OW/O group than in the PCOS-NO group. The systolic BP SDS and diastolic BP SDS values were similar in both groups (data not shown). A comparison of the clinical findings is shown in Table 1 .
Glucose and lipid metabolism
The HOMA-IR index level was higher and the Matsuda index value was lower in the PCOS-OW/O group than in the PCOS-NO group (P = 0.001 and P = 0.002, respectively). The rate of IR detected by HOMA-IR in the PCOS-NO group was significantly lower than the rate detected by OGTT (30.4% and 56.5%, respectively), but there were no significant differences in the PCOS-OW/O group (72.4% and 79.3%, respectively). The detection of glucose intolerance was similar in the PCOS-NO and PCOS-OW/O groups (8.7% and 6.9%, respectively) ( Table  2) , and no patient fulfilled the criteria for metabolic syndrome. In terms of lipid metabolism, all parameters were similar between the two groups (data not shown).
Hormone profile
SHBG level was statistically significantly lower, and the D4-A and FAI were higher, in the PCOS-OW/O group than in the PCOS-NO group. There were no differences shown in INH-A between the PCOS-OW/O group and Table 3 .
Correlation analysis
Luteinizing hormone, FSH, total T, DHEAS, AMH, and INH-A showed no correlations with anthropometric measurements. BMI SDS was significantly correlated with FAI, D4-A, leptin, SHBG, and INH-B (r = 0.519, P < 0.001; r = 0.372, P = 0.011; r = 0.612, P < 0.001; r = −0.525, P < 0.001; and r = −0.368, P = 0.007, respectively), and WC SDS showed similar correlations. Inhibin B was significantly correlated with both the HOMA-IR index and the Matsuda index without (Figure) . In ROC analysis performed for AMH to be an IR marker, sensitivity and specificity were low (at the cutoff value of 10, 50% sensitivity, 69% specificity, area under curve: 32.6%; P = 0.047; 95% CI = 0.171-0.482).
Discussion
The role of specific biomarkers (AMH, INH-A, INH-B, INSL3) and hyperandrogenemia in pathophysiology of PCOS and the association of them with obesity and/or IR have been investigated in different studies; however, to the best of our knowledge, this study is the only one that analyzed the association of all these biomarkers and hyperandrogenemia together with obesity and IR, determined IR by OGTT, and restricted the participants to only adolescent girls. We found AMH and FAI but not BMI as contributors to IR defined by OGTT, and we offered a cutoff value for FAI to be used as an IR marker in PCOS. In our study, the frequency of IR was found to be high in both overweight/obese and nonobese girls with PCOS. In the PCOS-NO group, the rate of IR detection by OGTT was significantly higher than by HOMA-IR. Similarly, Flannery et al. [34] proposed that glucose/insulin metabolism should be evaluated in detail in patients with PCOS independently of BMI, and that nonobese patients with PCOS should be investigated in terms of impaired glucose tolerance and IR. Coles et al. [35] reported that OGTT was a superior diagnostic tool in assessing glucose metabolism disorder. In light of our study's results and current publications, it is clear that patients with PCOS should be evaluated for IR in detail.
Our study showed a similar frequency of impaired glucose tolerance in the PCOS-OW/O and PCOS-NO groups. There were no patients with PCOS who met the criteria for metabolic syndrome; however, a study conducted by Hart et al. [36] reported that the risk of developing metabolic syndrome was high in adolescents with PCOS. Therefore, physicians should be alert in this respect during patient follow-up visits.
In a metaanalysis that investigated the relationship between IR and androgen levels in patients with PCOS, it was found that SHBG had a strong association with IR that was not confounded by BMI, and total T had a moderate effect on IR [19] . Flannery et al. [34] showed that nonobese patients with PCOS with impaired glucose tolerance had similar T levels to those of obese patients. In a study conducted by Reyes-Munoz et al. [37] , which sampled a large number of patients, it was reported that total T levels were not different between overweight/obese patients and normal weight patients with PCOS, whereas significant differences in SHBG and FAI were observed. We found a negative association between SHBG and IR in our study, but when controlled for BMI, this association disappeared. There was no relationship between total T levels and obesity/IR parameters. However, consistent with the literature, FAI was found to be more valuable than using T or SHBG alone for monitoring IR in PCOS, as it stayed as an effective factor on IR together with AMH in regression analysis. Also FAI might be used as a supporting IR marker at the cutoff value of 5.93, according to ROC analysis.
INH-A was not found to be related to IR in a study conducted by Segal et al. [9] ; however, IR was evaluated only by fasting insulin level in this study. For INH-B, some studies have shown a negative association between INH-B and insulin levels [22, 23] . We found a negative correlation between INH-A and HOMA-IR, even when controlled for BMI. INH-B also had a negative correlation with HOMA-IR, but the correlation disappeared when controlled for BMI. However neither INH-A nor INH-B contribute to IR (defined by OGTT) in regression analysis. According to our results, INH-B is related to BMI, but more research is needed to clarify the relationship of INH-A and INH-B with IR in PCOS.
Studies conducted with PCOS patients emphasize that there is an inverse correlation between BMI and AMH [38] [39] [40] [41] . However, these studies have been conducted with adults. In a study conducted with adolescent girls with PCOS, no difference was reported in AMH levels between the groups with normal weight and the overweight/obese patients [18] . Similarly, we found no relation between AMH levels and BMI. However, in these studies, the relationship between IR and AMH were examined by HOMA-IR. In our study, IR was evaluated by both HOMA-IR and OGTT. AMH did not have a significant effect on IR in a regression model when studied alone, but did when combined with FAI when BMI was excluded from the equation. We urge that the relationship between AMH and IR be investigated with studies on a larger number of patients using OGTT or the clamp test.
The present study presenting the preliminary results of our ongoing work was conducted with a relatively limited number of patients. Another limitation was the absence of a control group due to the fact that no ethical approval could be obtained for performing OGTT in a control group.
In conclusion, OGTT is more reliable than HOMA-IR in specifying IR in nonobese adolescent girls with PCOS. Inhibin B is associated with BMI rather than IR. INH-A is associated with HOMA-IR and this association is BMIindependent. Similarly, AMH and FAI together may contribute to IR defined by OGTT and this contribution is also BMI-independent. FAI can be used as a supporting IR marker in PCOS. 
